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Abstract
Objective: The aim of this study was to report the incidence of all foot and ankle fractures during 2006 and 2007
among residents from the Barwon Statistical Division, located in south-eastern Australia.
Methods: Incident fractures were ascertained using X-ray reports from the imaging centres serving the region
during the years 2006 and 2007. All fractures with ICD-9 code 824 (ankle) or 825 (foot) were included in this study.
Age, proportions of left/right side fractures, cause of fracture and incidence rates (per 10,000 person-years) were all
determined for foot and ankle fractures separately as well as for the two sites combined.
Results: There were 312 males and 274 females identified with foot fractures and 344 males and 410 females
with ankle fractures. The median age for both foot and ankle fracture was lower in males compared to females. The
proportions of left and right side fractures were approximately equal; no sex or site (foot or ankle) showed higher
proportions of either left or right side fractures. Among those for whom cause of fracture was known, most foot or
ankle fractures (>75%) in both sexes were caused by an accidental fall. For both sexes, there was a bimodal pattern
of incidence across the age groups, with peaks around adolescence/early adulthood and in the elderly. Incidence
rates (per 10,000 person-years) for foot and ankle fractures combined were similar in both sexes; 25.85 and 25.88
for males and females, respectively. However, the incidence rate for foot/ankle fractures combined in those aged 50
years or over was lower in males than in females.
Conclusion: Males sustained foot and ankle fractures at a lower median age than females and most fractures
were the result of an accidental fall. Males sustain fractures mainly during adolescence and young adulthood,
whereas fractures in females were sustained largely by individuals over 50 years of age. Despite this, the overall
incidence rates were similar for both sexes.
Keywords: Epidemiology; Incident fractures; Foot; Ankle; Australia;
Fracture; Incidence
Introduction
Fractures of the foot and ankle are common in both sexes and all
ages. They are often the result of missteps or falls and, sometimes,
from direct trauma [1]. Fractures of these sites can have a significant
public health burden related to hospitalisations, treatments and future
disability of individuals who have sustained a fracture [2]. Males with
ankle or foot/toe fractures reportedly take a substantial amount of time
off work, are unable to drive, require the use of a walking aid and
cannot participate in sporting activities [3]. Females can also lose
independence after foot or ankle fractures and, may need assistance
with daily tasks such as housework or personal care up to 12 months
post fracture [4]. Complications of treatments for foot and ankle
fractures can include painful movement restrictions, loss of function of
the joint, infection of soft tissue or bone and mal-union or non-union
[1]. These complications can lead to severe disability and in extreme
cases, to amputation of the limb [5].
There are a number of risk factors associated with an increased risk
of sustaining foot and ankle fractures including smoking, diabetes,
obesity, previous falls and/or fractures, very high or low levels of
physical activity, and low bone mineral density (BMD) [1,6].
Specifically for older individuals, additional risk factors include female
sex, comorbidities and multiple medications [6].
Despite the impact that foot and ankle fractures have on
contributing to the public health burden of the entire community,
studies of foot and ankle fractures usually focus on specific groups
such as sports players [7], dancers [8], the elderly [7-10] or those with
comorbidities (e.g. diabetes) [11]. The aim of this study was to report
on the incidence of foot and ankle fractures in an Australian region for
all ages and both sexes.
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Methods
Participants
This study included residents living in the Barwon Statistical
Division (BSD), located in south-eastern Australia. This region is
useful for epidemiological fracture studies because of the large
(~250,000) population and the existence of only four medical imaging
centres serving the entire region. Additionally, the BSD is
representative of the whole Australian population [12]. This study was
approved by The Barwon Health Human Research Ethics Committee.
Fracture ascertainment
Fractures were ascertained using X-ray reports from the imaging
centres serving the BSD during the years 2006 and 2007. All fractures
with ICD-9 code 824 (ankle) or 825 (foot) were included in this study.
Individuals living outside of the BSD were excluded. This study
included 312 males and 274 females with foot fractures and 344 males
and 410 females with ankle fractures.
“Cases” of fracture were ascertained through examination of the X-
ray reports and only definite fractures were included. “Likely” or
“possible” fractures were not included unless a subsequent X-ray
report was available confirming the presence of fracture. Four males
and seven females had sustained both a foot and an ankle fracture.
Since these multiple fractures were at different sites, they were
included in calculations of incidence for each of the fracture sites
separately. No pathological or spontaneous fractures were observed.
Descriptive statistics
The median age and inter-quartile range (IQR) of individuals with
foot and ankle fractures were determined. The proportions of fractures
occurring on the left and right sides as well as bilateral fractures were
also determined.
Some individuals (351 males, 53.5% and 143 females 20.9%) had
data on cause of fracture. These were classified into the following
groups; motor vehicle accidents (including motor vehicle traffic
accidents, motor vehicle non-traffic accidents, other road vehicle
accidents and water vehicle accidents), accidental falls and other
accidents. The proportions of each cause were calculated to determine
the most common cause of foot and ankle fractures as well as the two
fracture sites combined.
Incidence rate calculations
Incidence rates (per 10,000 person-years) were calculated for each
age decade using population data from the Australian Bureau of
Statistics 2006 Census Community Profile Series for the BSD
(catalogue number 2001.0). The numbers of fractures (foot, ankle and
foot/ankle combined) as well as the population data were used to
calculate the incidence of fractures for the entire BSD region.
Incidence rates overall for both sexes, as well as for adulthood-only
and over 50 years were also calculated.
Results
Descriptive statistics
Table 1 shows the descriptive statistics for the fracture cases. In
males, there were 312 cases of foot fractures and 344 cases of ankle
fractures over the two year period. Females had sustained 274 foot
fractures and 410 ankle fractures. Foot and ankle fractures combined
totalled 652 males and 677 females due to four males and seven
females sustaining a fracture at both sites.
The median ages (and IQR) for foot and ankle fractures in males
were 28.22 (IQR 18.03-46.92) years and 32.33 (IQR 16.88-51.13) years,
respectively. For females, the median ages of foot and ankle fractures
were 49.76 (IQR 28.33-64.10) and 52.76 (33.22-67.62) years. The
median ages for males was lower than females at all fracture sites
(p≤0.0001).
The proportion of left side and right side fractures are shown in
Table 1. For males, foot fractures occurred approximately equally on
both sides; 129 for left and 176 for right. Ankle fractures had similar
proportions; 162 for left and 178 for right. Females also showed similar
proportions of left and right fractures for both foot; 128 left and 144
right, and ankle, 191 left and 213, right. Bilateral fractures were rare




Side of fracture N (%)
Left Right Both
Male
Foot 312 28.22 [28.89]a 129 (41.6) 176 (57.8) 5 (1.6)
Ankle 344 32.33 [34.25]b 162 (47.1) 178 (51.7) 4 (1.2)
Foot and ankle 652 30.77 [32.00]c 289 (44.5) 353 (54.3) 8 (1.2)
Female
Foot 274 49.76 [35.77]a 128 (46.7) 144 (52.6) 2 (0.7)
Ankle 410 52.76 [34.41]b 191 (46.5) 213 (52.0) 6 (1.5)
Foot and ankle 677 51.75 [35.67]c 318 (47.0) 351 (51.8) 8 (1.2)
Table 1: Descriptive statistics of the fracture cases. aMedian age of foot
fractures for males was lower than females (p=0.000). bMedian age of
ankle fractures for males was lower than females (p=0.000). cMedian




Accidental falls Other accidents
Foot
Male (N=181) 14 (7.7) 153 (84.5) 14 (7.7)
Female (N=64) 1 (1.6) 57 (89.1) 6 (9.4)
Ankle
Male (N=172) 16 (9.3) 132 (76.7) 24 (14.0)
Female (N=82) 2 (2.4) 73 (89.0) 7 (8.5)
Foot and ankle
Male (N=351) 28 (8.0) 285 (81.2) 38 (10.8)
Female (N=143) 2 (1.4) 128 (89.5) 13 (9.1)
Table 2: Causes of fracture in the foot and ankle for males and females
of all ages a. a Missing data for 304 males and 541 females.
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Cause of fracture was documented for 494 individuals (351 males
and 143 females). For both sexes, the predominant cause of fracture at
all sites was accidental falls (all proportions over 75%) (Table 2). Falls
contributed more than 75% to the fractures. The next most common
cause was “other accidents” which included “striking against or struck
accidentally by objects or persons” and “overexertion or strenuous
movements.” Approximately 8-10% of foot and ankle fractures in both
sexes resulted from this cause. The next most common cause was
“motor vehicle accidents” which included “motor vehicle traffic
accident involving collision with pedestrian” and “other non-collision
motor vehicle accidents”. Males had a higher proportion of fractures
resulting from this cause; approximately 8-9%, while females had
proportions around 1.5-2.5%.
Incidence rates
Figures 1 and 2 show the incidence rates of foot and ankle fractures
in males and females, respectively. The pattern of foot fractures was
similar to the pattern for ankle fractures in both sexes and across all
age groups. For males, most of the foot/ankle fractures combined
occurred in adolescence (10-19 years) with an incidence of 44.14 per
10,000 person-years or young adulthood (20-29 years) with an
incidence of 43.11 per 10,000 person-years. There was a substantial
decrease in fracture incidence in the older age groups, with a small
peak at 60-69 years (incidence 24.66 per 10,000 person-years). Females
showed a similar pattern to males, but the incidence was greater. In
females, there was a small peak in adolescence (10-19 years) with an
incidence rate 14.01 per 10,000 person-years for foot/ankle fractures
combined. From the age of 50 years, the incidence of foot and ankle
fractures increases substantially. For all age groups over 50 years, the
incidence was 25 per 10,000 person-years or higher.
The total incidence of male foot/ankle fractures combined was
25.85 per 10,000 person-years and the incidence for females was a
similar, 25.88 per 10,000 person-years. For adulthood-only incidence,
the values were 25.36 for males and 28.71 per 10,000 person-years for
females. Despite these similar incidence rates overall, the distribution
of foot and ankle fractures differed between the sexes. This can be
described by considering the incidence rate of those aged 50 years and
over. For males, this rate was 19.74 and for females, 40.51 per 10,000
person-years. Overall incidences for all ages and both sexes were 11.31,
14.56 and 25.87 per 10,000 person-years for foot, ankle and foot/ankle
combined, respectively.
Discussion
This study reports on foot and ankle fractures occurring in the BSD
over a two year period. The results show that the median age when
males sustained a foot or ankle fracture was lower than the age for
females. This was also evident in the incidence rates, where males had
a high peak of fracture incidence in adolescence and young adulthood,
while females were more likely to sustain a foot or ankle fracture in
older age (50 years and over). The incidence rates we report here were
similar for males and females overall, but differed substantially when
comparing the incidence rates for individuals over 50 years.
There have been some studies that report on the incidence of foot
and ankle fractures in various age groups and populations. One such
study involved 9704 elderly women (aged 65 years or over) from the
USA who were followed over 10 years from their first clinical visits
between 1986 and 1988 [10]. Over the follow up period, 301 women
had sustained a foot fracture and 291 an ankle fracture. The authors
reported an incidence of 3.1 for foot and 3.0 per 1000 woman years for
ankle fractures. In another study by Kannus et al. [10], patients 60
years of age or over were selected from Hospital Discharge Registers in
Finland for a study of low trauma ankle fractures. The study covered
the years 1970 and 2000 and showed that the incidence of low trauma
ankle fractures in the elderly had increased over this time period. In
1970, the age-adjusted incident rate for ankle fractures was 38 per
100,000 persons per year in men and 66 per 100,000 person-years in
women. In the year 2000, the incidence had increased substantially to
114 per 100,000 person-years in men and 174 per 100,000 person-
years in women. The values for the year 2000 are similar in magnitude
to our results for ankle fracture for men and women over 50 years of
age; 113.2 and 258.1 (converted to per 100,000 people). Our values for
incidence in men are similar, but for women, our incidence was
higher. This may be due to differences in the population of Finland
compared to Australia, or due to the fact that we did not exclude
fractures on the basis of trauma.
Figure 1: Male incidence (per 10,000 person-years) by age group of
foot and ankle fractures in the Barwon Statistical Division, south-
eastern Australia.
Figure 2: Female incidence (per 10,000 person-years) by age group
of foot and ankle fractures in the Barwon Statistical Division,
south-eastern Australia.
There are also studies involving participants of younger age. For
example, a study of USA males and females aged 35 years or over was
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completed for a three year period between 1989 and 1991 and aimed to
describe the incidence rates of all types of fractures[13]. During the
study period, 2901 individuals had sustained 3665 fractures. The
overall incidence rate for ankle fractures in this study was 141 per
100,000 per persons per year for men and 194 for women. Another
study of 103,052 men and 119,317 women aged 20 years or over living
in England and Wales examined the incidence of all fractures between
1988 and 1998 [14]. The authors of this study reported ankle fractures
grouped with tibia and fibula, making comparisons to our data
difficult, but foot fracture was reported separately. Their incidence
rates for foot fractures were 12.2 per 10,000 persons per year for men
and 11.9 for women. Our values for foot fractures in adults were 12.19
and 11.44 per 10,000 persons per year for men and women
respectively, which is in good agreement with our results.
Finally, a Danish study involving individuals of all ages and both
sexes who were treated for ankle fracture over a one year period from
1994 to 1995 [15]. Of 211 participants, 212 ankle fractures were
sustained. The overall incidence rate was 107 per 100,000 person-
years, which is similar to our overall result for males and females of
145.6 per 100,000 person-years. Additionally, this study reported that
87% of the fractures were caused by a fall, similar to the values
presented in our study (Table 1).
The risk factors for ankle fracture may help explain the patterns of
incidence we observed. Ankle fractures occur more commonly in
those with a higher body mass index and those with a higher risk of
falling [5], while foot fractures have been associated with a lower bone
mineral density (BMD). Perhaps the higher level of activity in younger
males, particularly in risk taking and sports activities, might explain
the high rates of ankle and foot fractures in this age group. Younger
females might be less active than males, however later in life have a
higher propensity to fall [16], that coincides with postmenopausal
bone loss [17,18], resulting in an increase in fracture risk.
There are some strengths and limitations of this study. We used
radiological reports instead of hospital discharge (separation) data,
which avoided multiple ascertainment of the same fracture. However,
in doing so, we might have missed some residents of the BSD who had
sustained a fracture outside the region and were treated elsewhere.
However, validation of this method showed that using radiological
records for the region was a reliable way to comprehensively ascertain
hip fractures and the method has been extrapolated to identify all
fractures [19]. Although we only had a moderate number of cases with
cause of fracture recorded, our values were similar to published
literature, suggesting that the results are not substantially biased with
missing information. Additionally, because we were able to capture all
fractures occurring in the BSD our data is comprehensive for the
region and we did not need to rely on a sample of the population for
inferring fracture rates for the entire region.
Conclusions
We reported on foot and ankle fractures in both sexes and all ages
in the BSD region of south-eastern Australia for the years 2006 and
2007. The results showed that males had a lower median age at
fracture for both the foot and ankle sites than females and most
fractures were the result of an accidental fall. The incidence rates for
foot and ankle fractures combined was similar in both sexes; 25.85 per
10,000 person-years for males and 25.88 for females. Even though the
overall incidence rates were similar, male fractures mainly occurred
during adolescence and young adulthood, whereas females sustained
fractures mainly over 50 years of age.
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